A variety of methods has been developed to determine Zn(II). Many of these methods are based on the formation of coordination compounds with favorable optical properties. However, these methods have not offered significant progress with respect to either sensitivity or selectivity when compared with the dithizone (diphenil carbazone in CCl4) method, which is still widely used. 4 This method, however, also has some disadvantages, such as the use of a chlorinated solvent and the need for several stages to increase the sensitivity and/or to mask interferences.
Several FIA methods have been described for the determination of Zn(II) using detection techniques, such as atomic absorption spectrophotometry, plasma atomic emission, amperometry and others. All of these methods have advantages and disadvantages: high sensitivity and expensive apparatus, respectively. [5] [6] [7] Flow-injection analysis with spectrophotometric detection has been used for determining Zn(II), and offers some advantages, such as low instrumental cost and a large variety of organic reagents that form coordination compounds with the metal cation. [8] [9] [10] [11] Additionally, FIA offers low consumption of the sample and the reagent, high sample throughput, reproducibility and degree of flexibility, and, finally, it may be easily automated. 5 Recently, a significant number of studies using FIA have used solid-liquid phase extraction to concentrate and/or to remove matrix interference or other species. Most of them involve the use of minicolumns packed with some solid material, such as ion-exchanger resins, functionalized resins, silica gel, polyurethane foam, or other materials. [12] [13] [14] [15] [16] [17] The aim of the present study was to develop a method for Zn(II) determination, with no difficulty like those found in the dithizone method. Several hydrazones [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] find application in analytical chemistry because they act as very favorable multidentade ligands for different metal cations, mainly from the transition or pos-transition groups.
Among these hydrazones, di-2-pyridyl ketone salicyloylhydrazone (DPKSH) 30 and 2,2′-dipyridyl-2-pyridylhydrazone (DPPH) 31 ,32 have been successfully used for the determination of Zn(II) in batch systems. For this reason, the reagent DPKSH was used here to develop a method using a FIA system.
The FIA spectrophotometric methods proposed here were developed based on some experimental parameters that were established by Gaubeur et al. 30 in the static process, such as 50% (v/v) ethanol-water medium, due to the low solubility of DPKSH in water, pH 4.5 (acetic acid/acetate buffer), which is the most efficient pH value for the formation of Zn(II)/DPKSH complex, and detection at 376 nm, which is the wavelength of maximum absorbance for Zn(II)/DPKSH complexes.
Experimental

Apparatus and instrumentation
A Hitachi double-beam spectrophotometer (Model U-3000) with a 1.00-cm quartz flow cell was used for determining the Zn(II)/DPKSH complex absorbance at 376 nm. Atomicabsorption measurements were performed on a Perkin-Elmer spectrophotometer (Model Z 5000), under the following operation conditions: wavelength, 213.9 nm; the lamp current, 10 mA; slit, 4; and an air-acetylene flame. Two Ismatec peristaltic pumps (Model IPC-8), fitted with Viton ® tubes, were used to propel all solutions. The pH measurements were made with a Metrohm pH meter (Model 654) and a combined glass electrode. A CEM Corporation close-vessel microwave was used to prepare biological samples.
Reagents and solutions
All reagents were of analytical grade. Solutions of DPKSH were prepared by dissolving the reagent in absolute ethanol. A stock solution of Zn(II) was prepared by dissolving ZnSO4·7H2O in deionized water containing the minimum amount of sulfuric acid needed to prevent hydrolysis (pH ≈2.5). The solution was standardized, as described by Welcher. 34 Acetic acid-sodium acetate mixtures were used to maintain the pH at 4.5. DPKSH was synthesized according to a procedure reported in previous papers.
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Minicolumn preparation
An acrylic minicolumn with 5.0 cm length × 3.0 mm i.d. was packed with an anionic exchanger resin (IRA 400 ® ). The ends of the minicolumm were fitted with glass wool to prevent the height bend from changing. Regeneration of the resin was performed by passing a 0.200 mol L -1 NaOH solution, pumped at 1.6 mL min -1 .
Preparation of sample solutions
Pharmaceutical samples. Liquid formulations, except for an astringent solution, were only diluted to the appropriate volume with deionized water. An accurate (±0.1 mg) mass of each sample, 25.2 mg antiseptic talcum powder and 200 mg of cream against rashes, was transferred to a beaker with concentrated HCl. After some minutes of agitation, the mixture was filtered in a 100-mL volumetric flask, and the volume was filled with deionized water. A mass of 103 mg of the astringent solution was treated with 30% H2O2 and concentrated HCl before careful heating. The final solution was transferred into a volumetric flask and diluted to an appropriate volume with deionized water. Biological samples. Rat femur, kidney and feces samples were prepared using a closed vessel microwave oven. An accurate (±0.1 mg) mass of each sample (≈460 mg femur, ≈315 mg kidney and ≈114 mg feces samples) was transferred to polyfluoroethylene (PFA) vessels. The femur sample, before microwave digestion, was kept for 12 h in contact with concentrated nitric acid. The samples were mixed with nitric acid, carried into the pressurized microwave oven (maximum 1.03 × 10 6 Pa) and irradiated for 75 min at 100 W (maximum). Thereafter, the obtained solutions were treated with 30% H2O2, transferred into volumetric flasks and diluted to the appropriate volume with deionized water.
Flow-injection systems operation
A schematic diagram of the flow system is shown in Fig. 1 . In this system, a sample solution, S (SV, sample volume 250 μL) of Zn(II), is carried by a 5.20 mmol L -1 acetic acid/1.99 mmol L -1 sodium acetate buffer solution (C, pH 4.5) at a flow rate of 1.6 mL min -1 . The generated mixture passes through a mixing coil (MC, 0.80 mm i.d. and 10 cm length) and merges with a 2.40 mmol L -1 DPKSH solution (R), which is pumped at a flow rate of 0.70 mL min -1 . In the reaction coil (RC, 0.80 mm i.d. and 70 cm length) the Zn(II)/DPKSH complex is formed, and then detected at 376 nm by molecular absorption spectrophotometry.
The carrier (5.20 mmol L -1 acetic acid/1.99 mmol L -1 sodium acetate), the reagent (2.40 mmol L -1 DPKSH ) and the Zn(II) sample solutions were prepared in a medium of 50% (v/v) ethanol in order to minimize any perturbations caused by the Schlieren effect. 36, 37 The dispersion coefficient for the flow system shown in Fig. 1 was obtained from the relation between the pure sample absorbance (AS o ) which corresponds to a 0.002% bromothymol blue solution in place of the carrier (C) and the reagent (R) and the maximum point sample absorbance (AS max ), obtained by using a 5.20 mmol L -1 acetic acid/1.99 mmol L -1 sodium acetate buffer solution in place of the carrier (C) and the reagent (R), as well as a 0.002% bromothymol blue solution in place of the sample volume (SV). Such absorbance values were measured at 620 nm.
Another schematic diagram of the flow system is shown in Fig. 2 with the injection valve at the loading position. In this system, with both V1 and V2 three-way valves closed to the passage of R2, a sample solution (S) of Zn(II) merges with a stream of 2.00 mol L -1 hydrochloric acid solution (R1), both pumped at 4.0 mL min -1 . The generated mixture passes through a mixing coil (MC1, 0.80 mm i.d. and 10 cm length) and then through a minicolumn (C) packed with IRA 400 ® anionic exchanger resin, which retains the [ZnCln] 2-n complex (n = 3 or 4). After a suitable concentration time (1 min), both the V1 and V2 three-way valves are manually switched, allowing the column to be washed with a 0.0100 mol L -1 HCl/1.00 mol L -1 NaCl solution (R2) at 4 mL min -1 for 1 min so as to avoid any interferences caused by ions that do not form chlorocomplexes, but could be retained in the resin interstices, and to minimize any perturbations caused by the Schlieren effect, resulting from 1228 ANALYTICAL SCIENCES OCTOBER 2007, VOL. 23 After the elution step, the minicolumn is ready for a new concentration cycle. Although the proposed system is manually operated, it can be easily automated by modern approaches, such multicommutation. 38 As in the previously described flow system, the buffer solution (R3, 1.00 mol L -1 acetic acid/0.500 mol L -1 sodium acetate), DPKSH (R4, 2.40 mmol L -1 ) and eluent (E, 0.200 mol L -1 NaOH) were prepared in medium of 50% (v/v) ethanol in order to minimize any perturbations caused by the Schlieren effect.
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Results and Discussion
Flow injection system
To optimize the method for Zn(II) determination by direct injection of the sample solution, the influences of some parameters, such as the dimensions of the mixing and reaction coils, the flow rate, the sample volume and the concentration of DPKSH were evaluated using the manifold depicted in Fig. 1 . Under the above-mentioned conditions, and using a 5.20 mmol L -1 acetic acid/1.99 mmol L -1 sodium acetate buffer as the carrier, and a 2.40 mmol L -1 DPKSH solution as the reagent, both in 50% (v/v) ethanol-water, the influence of the sample volume on the signal was studied by injecting 100, 150, 200, 250 and 300 μL of a 9.08 × 10 -5 mol L -1 Zn(II) standard solution. As expected, an increasing volume of the Zn(II) solution led to an increasing analytical signal. Because the difference between the signals with 250 and 300 μL was not significative, it was decided to use 250 μL, which corresponds to 125 μL of the Zn(II) standard solution diluted with the same volume of ethanol.
The final solution was 50% (v/v) ethanol-water.
The influence of the length of mixing and reaction coil was studied by fixing the reaction coil (RC) length at 70 cm. Mixing coil (MC) lengths of 10, 20 and 30 cm were evaluated. As the mixing coil length increased, the analytical signal decreased, most likely because of the higher dispersion of the sample zone, leading to a decrease in the sensitivity; for this reason a 10-cm long MC was chosen.
The effect of different RC lengths (30, 50, 70 and 90 cm) was evaluated by fixing the MC length at 10 cm. The 70-cm length was then chosen after considering that it leads to a more efficient mixture, thus ensuring complete sample buffering, and the complexation of Zn(II) by DPKSH. Choosing the 70-cm length was corroborated by the dispersion coefficients, which were determined with 30 and 70 cm length reaction coils. The dispersion coefficients were quite similar, being 2.5 and 2.8, respectively, for 30 and 70 cm length reaction coils.
The above-mentioned flow-system configuration was used to evaluate the influence of the DPKSH concentration at two different values (0.700 and 2.40 mmol L -1 ). Although the analytical signal was slightly higher (A376nm = 0.989 for 0.700 mmol L -1 than with 2.40 mmol L -1 A376nm = 0.969 DPKSH), the repeatability was not good. Thus, the former concentration of 2.40 mmol L -1 was maintained throughout this study.
Flow injection system with an in line ion-exchange
For optimizing of the system shown in Fig. 2 , the influences of the concentration time, the resin washing time and the eluent concentration were evaluated. Several concentration times (30, 60 and 120 s) were used with a 1.58 × 10 -5 mol L -1 Zn(II) solution. An increase was observed in the analytical signal with an increase in the concentration time. However, since the highest standard deviation was observed for the longest concentration time, a time of 60 s was chosen as a compromise between the sensitivity and the repeatability of the measurements.
The effect of the resin washing time on the analytical signal was evaluated with a 3.15 × 10 -5 mol L -1 Zn(II) solution, and using washing times of 30, 60 and 120 s. The increase in the analytical signal was observed up to 60 s. Thus, this resin washing time was established as the optimal analytical condition.
The flow system was also used to evaluate the influence of the NaOH (E) concentration, as 0.100 and 0.200 mol L -1 . Since complete elutions of the chlorocomplexes were achieved with a 0.200 mol L -1 NaOH solution, this concentration was maintained throughout the study. Fig. 1) Using the flow system shown in Fig. 1 , an analytical curve was built by injecting four aliquots (250 μL) of each Zn(II) standard-solution concentration. Figure 3 
Analytical features (flow injection system,
Analytical features (flow injection system, Fig. 2)
An analytical curve was built by pumping aliquots of Zn(II) standard solutions of different concentrations, in triplicate, as shown in Fig. 3(b) . A linear response ranging from 0.0824 to 2.06 mg L -1 was observed. The analytical curve under the optimum flow conditions with the manifold depicted in Fig. 2 was given as A = (2 ± 1)× 10 -3 + (2.7 ± 0.4)× 10 4 CZn(II). The detection limit (three-times the standard deviation of the blank), at 376 nm, was found to be 13.9 μg L -1 Zn(II). The relative standard deviation of 10 measurements, performed with a 2.00 mg L -1 standard Zn(II) solution, was 1.7%. The analytical throughput achieved under the optimized experimental conditions was 28 samples per hour.
Interference ions
A previous study was conducted by Gaubeur et al. 30 on potential ion interferences that may be contained in pharmaceutical and biological samples, and that are able to interfere in the formation of the Zn(II)/DPKSH complexes. Some cations (such as Fe 2+ , Fe 3+ , Cu 2+ and Ca 2+ ) and C2O4 2-, interfere even at low concentrations. These metal ions must be absent, or must be masked with proper reagents in the flow system presented in Fig. 1 .
Except for Cd(II), which forms highly stable chlorocomplexes, other ions do not cause interferences in the flow system presented in Fig. 2 . Because of the presence of calcium in some of biological samples, a study on the interference of this ion was performed, and a variation of less than 5.2% was observed in the Zn(II) signal only for Ca:Zn ratios higher than 5.000:1.
Application of the developed flow system in pharmaceutical and biological samples
To verify the usefulness and accuracy of the proposed flowinjection method developed with the system depicted in Fig. 1 (Fig. 2) . shown in Fig. 2 . The results obtained by the FIA methods, as the average of three determinations of each sample, were compared with those obtained by atomic absorption spectrometry (AAS), as shown in Table 1 . Both methods displayed very similar results. The highest difference was 12% for antiseptic talcum powder. These results denote the good accuracy of the proposed FIA methods.
Conclusions
The flow-injection system proposed using the DPKSH as a complexing reagent was feasible for the determination of Zn(II) in pharmaceutical samples, allowing the consumption of only 1.2 μmol of reagent per determination.
It was possible to eliminate interferences from ions, such as Ca(II), Fe(III) and Cu(II), without the need of masking reagents, due to an anionic exchanger resin used in the FIA system. Additionally, the incorporation of a solid-phase extraction step led to an increase in the sensitivity of the method by a factor of 2, which was evaluated by comparing the slopes of the analytical curves obtained with and without the concentration step.
The results obtained by applying the proposed methods were in good agreement with those obtained by using atomic absorption spectrophotometry.
